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A study on the development of arc length estimation
method in FCAW

Kwang-moo, Bae

Department of Shipbuilding systems Management Engineering,
The Graduate School, Pukyong National University

Abstract

The flux cored arc-welding (FCAW) process is one of the most frequently
employed and important welding process due to high productivity and excellent
workability. The process is performed either as an automated process or as a
semi—automatic process. An FCAW process,. welding ' voltage has been
considered as a qualitative indication of arc length. But it is necessary to let
welding operators know, maintain and manage the arc length ' directly by
estimating and displaying it. In this study, to develop arc length estimation
technique, we. measured a welding |circuit resistance(Rs) .and then we
calculated welding ciréuit- voltage drop(Vs). Also; .#e measured arc peak
voltage(V,,). By subtracting Ve from: Ve, -welcan' easily calculate net arc
voltage drop(V..). Consequently; we ‘suggested arc length estimating equation
and basic algorithm by regressive analyzing the relationship between net arc
voltage drop(Vae) and real arc length(L...) measured by high speed camera. So,

we can estimate arc length by just monitoring welding current and voltage.

Key words : FCAW, Short circuit transfer, Arc length estimation,
Welding circuit resistance(Rs.), Voltage drop by welding circuit(Vse),
Arc peak voltage(Va,), Net arc voltage drop(Ve)
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Fig. 2.1 Cross section of flux cored wire and solid wire
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Fig. 2.4 Schematic drawing of CTWD and stick out in GMAW
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Fig. 2.5 Resistance factors of arc welding circuit
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Table 2.1 Comparison of american wire gage with metric system

Resistance at 68°F Nominal cross Resistance at 20 °C
) per 10001t sectional area by.SI per 1000m
AWG Size it
Q r Q

8 0.688
10 1.75

6 0.435
16 1.09

4 0.272
25 0.70

2 0.173
35 0.50

1 0.137
50 0.35

1/0 0:109

2/0 0.087
70 0.25

3/0 0.068
95 0.18

4/0 0.054
120 0.146
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AEEAS A4st= Al WA WS Table 225 o]&3l= Zﬂo t}. oA

ol &4 w 30m(100ft) Zole] 3|Zel th3t 7o) N
9 Ay 42 2 (3)7 Zrh 974 PL
(voltage drop) © A44sHV)E YERATh Fig. 272
A8 £45 etk Aol &9 X457t ﬁ%—’F% e
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i’;
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PL=I1IxVD 3)

Table 2.2 Voltage drop-for AWG. size depending on ‘current

Welding Voltage drop depending on cable size (AWG) per 100ft
current
A) 2 1 1/0 2/0 3/0 4/0
50 1.0 0.7 0.5 0.4 0.3 0.3
75 13 1.0 0.8 0.7 0.5 0.4
100 1.8 14 1.2 0.9 0.7 0.6
125 23 1.7 14 1.1 1.0 0.7
150 2.8 2.1 1.7 14 1.1 0.9
175 33 2.6 2.0 1/ 1.3 1.0
200 3.7 3.0 24 2.0 1.5 1.2
250 4.7 3.6 3.0 24 1.8 1.5
300 - 4.4 34 2.8 2.2 1.7
350 - - 4.0 32 2.5 2.0
400 - - 4.6 3.7 2.9 23
450 - - - 42 3.2 2.6
500 - - - 4.7 3.6 2.8
550 - - - - 3.9 3.1
600 - - - - 4.3 34
650 - - - - - 3.7
700 - - - - - 4.0
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Fig. 2.8U1¢] A& 9}olo] & < (wire melting rate)oll thal Halmoy”Z} 573
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glo] g o et 9folo] 8§ HhE ofm ol o3t M4 A7, olo] A}
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B Eis=d

(g do

/ Wire melting rate(By eq. of Halmoy)

:
M(kg!h)=6.5x10"%T +2.88x LS{
where 0r2Z 0l oot 20l At e off st

M : Melting rate.ke/n 210101 metting 240101 melting \T/ -----------

| © Set current, A -—’wI g

L * Wire stickout,mm, L : Arc length(mm) d ..:I 3

wWire diameter,mm Base metal ‘

Fig. 2.8 Equation for wire melting rate

ol#fe] 21 J. Tusek'ef. aloll 9%k the &858 2P o7 t1&3 7},

n(%) = (100MEt)/ / IUdt ) 4
0

~—

0471*1 rLi $588(%), M2 885 %(g/sec), Ex A3 4] /), I+ A
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© $HATEE dgsht uebd §47] SeluX 4G)% Bl A6 3

9 % gtk & olasiAE ot e wet vt
2 wel A} ok Vaolm ohasluA B SHAF 19k BHAR ¢, oh2
A% Vel FoR ekl 5 Qnk

Welding power
‘ v,
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A -= 2 VI

Fig. 2.11 Definition of the arc energy
E, =E,—E =Vt —d V=1tV -V) =1V,

Em: Machine output energy

Ea: Short circuit energy

I: Current of welding circuit
Vm: Voltage of machine output
Vg Voltage of short circuit

Va.: Voltage of arc
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Qs =jis evgedt——— (9) =QA=IiA *v, odt———-(10)

. & 0aB

= Qr=Qs+Qa——-(11)

o TEA] A d A
= Qg =I* Vi 1(12)

o o} W
> Q, = IEVAt(I)=— (13)

_18_



29 2% W& steel &olojd TFAY A

Fig. 2138 2%xo] W& steel wired] ALFA3S UeR 2084 oA oo
9} base metalo] ©EHS P AF7E BHE 0] gfojo] Al A W o3 &
SOF dsetar R dl afAE ghe] STksE S 9ASE HolFes 1

zolr},

£

14 : T T T ; T ! T r T Y T

12 | . g o oo

10 .

04 - : : : .

Resistivity( &2 m)

0.2 O , ]

7

0.0 ; 1 ; ] ; ] . ] . 1 ] 1 i
0 200 400 600 800 1000 1200 1400

Temperature( G)

Fig. 2.13 Resistivity of steel with temperature
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Fig. 3.1 Schematic of cable resistance method
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331 4% A=

2 Ao = 4ol 120mm x# 40mm 77 6mme] mild steelel ®1.2mm flux

cored wire(AWS A520)= TAESIN KR-3 thyristor #loj®h2le]l &5 7]¢9k
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Fig. 3.3 Welding machine
(TAESIN KR-3)

Fig. 3.4 Welding robot (HP-6)
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Fig. 3.5 Schematics of circuit resistance measurement
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Table 3.1& @A AdHR,) S4S 93
S 2Vl A BVIHA 1V B2 Z7}A]7)

oo
>
oot ok
ofr
ol
s
o

Table 3.1 Experimental conditions

Welding machine

TAESIN KRII - 500

Base metal

Mild steel 120*40+*t6

Welding wire

Flux cored wire ®1.2mm

(AWS A5.20)
Joint type Bead on plate
Shield gas 100% CO2-(20 ¢ /min)
Welding “speed 70cpm
Welding current 250A (CW)
CTWD 15mm
Weldig voltagg 22,23, 24, %5, 26, 27, 28V
(varied)
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Fig. 3.6 Schematics of Ry measurement at short circuit period
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Fig. 3.7 Result of circuit resistance(Rs;) measurement

X SCR (Short Circuit Ratio)
= Short circuit time / Total arc time
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A4)= 2 Aol AR | G A7 AR s 54 © Red =24
oulE FAEHE Aol @EA ARE &4 ﬂ]ol% x15&(ch)iﬂr
o 7t HEAZRew), == 9‘rolOH H A G Ruire)
ZM RS &4 FZAZeR & 5 3

I
10
utl
i
Au)
e
2
E
=

Rsc = Rwe + Reon *+ Ruire (14)

Rwe © Welding cable resistance
Reon @ Wire contact resistance
Ruwire © Bulk resistance of wire extension

H YAMATOS S Q7o 1E $4 3% ATe J059/20) oo, 1se
Solo} w9l el AR ES sholoje) dol(y)E FHOZH 4 = A
2 7199, 0 YAVATO'S o] ol 83 A% 8 =9 24 Ao
AN 237 ol 54 A AFe) ok 8ael §H Aol% A% Agsa
5% sfolojd] 93 Auwe nelelgln ABR/Selo] HEAE FASL
sAm B AFlE §4 219 29 gEelA 84 Ags ASAUS whizo)
§4 Aol AYE welshe L H YAMATOS o TA13¥l AsE)/stolo] 4154
A 1T £ el A dLAFoE s

Rsc = Roy (15)

R, : Resistance per unit length of welding wire
y . Wire extension
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42 Ad A5 L Y
421 A3 A=

B Ao A= 33 YA 2ol 120mm xE 40mm xF7 6mme] mild steeloll
®1.2mm flux cored wire(AWS A520)= €4 A3a9ich

Ehfolh, A 84 HHS 22VellA 34VE WAsA

Table 4.1 Experimental conditions

Welding machine

TAESIN KRII - 500

Base metal

Mild steel 120*+40%t6

Welding wire

Flux cored wire ®1.2mm

(AWS A5.20)
Joint type Bead on plate
Shield gas 100%: CO; (204 /min)
Welding speed 70cpm
Welding current 250A (CW)
CTWD 15mm
Welding voltage 22, 24, 96, 28, 30, 32, 34V
(varied)
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(1) 84 A% L o] &3 o} N AYV,)EH

Fig. 41005 @2} o]g) 2ESh 4 83 ol mEel 499 84 Aol &9
SN SR A S LehiRlon], At SN V8 Aola
ohoshte] 84 old F7] Bokel A A, F §4 oq F AW 7187} +
SI4 - vlHE A HelA e [ V2 Stk B AN Fig 41 28
A7 $3 A HPL 0§l 4 M4 AY 22 I 070 o}2 Hr) AY @
2 A3 Z4elo] BEFOA V,d oY

| f | VWUW‘WJW

0

(b) Va in the case of globular transfer mode

Fig. 4.1 Definition of arc peak voltage(Vap)
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Table. 4.2 Voltage waveform with point number for moving average
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Fig. 420] 3748 848 A% Vi, 79 42808 dehiich 83 A%kl 71
TS5V, oA B

29 I 5 I x T " T ! I T I . T Y
22 24 26 28 30 32 34 36
Measured voltage, V

Fig. 4.2 Relationship-between measured voltage and Vg
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A (163 2ol 84 A = At Aele ol2 A AAE W zw{- o1z
92 AVl B2 Ak AHVIE YERlE B9 ok2 92 AR 47
3|2 AR we WeEMN T4 ol Ay K Va) & AN —’F A

Ve = Vap - (Iap x Reo) (16)

Vae - Net arc voltage
L, © Arc peak current

Rse @ Short circuit resistance

2 (ID€ H YAMATO 59 Q7o 93 5 o} 4gh 28} Axrals Ve
o 25 A timeol A B SFAMVY =& ofolole] A3l <
f 2T A% A AZRyD=E WOEA £ ok WY AekS ARtssith
AA &4 HYeA 32 JHG Ak ARs WMok 5 o2 MY st ARt
& Witk SHelA H YAMATO ol 9|8k = ob=L st A Alke dAellA
o 21 A3t - feAkete

V. = V. - Royl 17)
Va @ Arc voltage

V. : Electrical supply voltage
I : Welding current
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521 4% A=

B A% oA 338 FLFA 2ol 120mm xZE 40mm xF7 6mme] mild steel®ll
®1.2mm flux cored wire(AWS A520)= €74 A&k
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522 A3 W

Table 5101 85 A3 =02 Uehldch 438 rib7 A= 84 ks 22V
oM 34VZHA 2VERIR S7HA7Y st

Table 5.1 Experimental conditions
Welding machine TAESIN KRII - 500

Base metal Mild steel 120*40+t6

Welding wire Flux cored wire ®1.2mm

(AWS A5.20)
Joint type Bead on-plate
Shield gas 100% COy (20 # /min)
Welding speed 7Ocpm
Welding current 250A (CW)
CTWD 15mm
Welpng Jyoltage 22, 24, 96, 28, 30, 32, 34V
(varied)

_38_



Fig. 513} Table 520 Z}7} A3 T2Awel u&Eahde) #F A4S eIt
aE Ty ZFGE B8 ofm Aol FAE H8] TIG back lightt high speed
camera’} AHE 3, 1 Alolo] 1A HolglE FCAW torch®t 60cpme] &&=
24 o] Fs= base metals $IAIAIZTE TIG back light®t FCAW torch, high
speed camerat PAA7dol FolAl wiA|stl o ZH2te] A& 200mm, 400mmE
5F31

TIG Back

ight - High speed

camera

Fig. 5.1 Schematic of experiment

Table 5.2 Condition of high speed camera photographing

High speed camera body Phantom v7.2
Lens Nikon 105mm micro F2.8D
) TOPAZ UV 52mm
Filter
HOYA IR R72 52mm
Sampling frequency 5000fps
Exposure time 180usec
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Fig. 52+ 1% 7he} 42 o83 ofa Zol(Lu)
o] &4 olg] & of=a Aol7} Huj7l HE A A <]
21g =489k 24 €3 24 3 30709 A ol= 2

ek

Fig. 5.2 Arc length(L...) measurement by high speed camera

frame capture
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2% Fhve Zelele el Agel F7hel wel ok dolt dejAa, 1

o B ok 47 F7hR 8 = Fo| Ikske 4TS vehilch

Table 5.3 Bead appearances and typical frames with set voltage

Set

Voltage, V Bead appearance Typical frame

22

J

ﬁ%

24

26

28

30

32

34
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Fig. 5.3 Relationship between V.. and L.. with no. of

measurement
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Fig. 5.4 ' Relationship between average of Vac and Lar

L9} Vie®) A2 14 89 242 53] 4U8)3 2€ o2 o] 4
Al R 0.914 2 LFElitt

Lare = 0.22233Vare — 3.48409 (&, Ve >15.67) (18)
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S oka o] #4 42 mEsgch

Herschel B. Smartt’? S 2 (4)9} 7] L2 474 A AFe) 4z A7

Lae = GV + Cl/I + Cdl (19)

Herschel B. Smartt 5ol 93t 24X V= &4 A, I+ 4 AR/, G, C, G
= Agolth

_43_



#4718 e Zel ofe flow chart® etk of o
NY SHE

Fig. 55% of= Ho] F
aPFES QokskAbd, & 84 Aol ©eh AR 5% o] el el

Eejol 8% AY R 34 F & S Vo L ke S99

g 2
oF el H(16)2 Foto] VR AN, ok Po] 449 A1) ViR Y
sl] HEAoR ol dolg Ak 718 35S T

[€]
=
=

a.ﬂ

Oll

Test weld )« .

l !
Acquisition of
_N_Q__' Vap and Iap

YES|
Acg]tl i;:jon | Ware = Viap — (lap'Rese)
: =0 222331\! - 3.48409
( Save Rsc P pa '(vam_ 21 g{i’:‘:?)

Estimation
of Larc

Fig. 5.5 Basic algorithm of arc length estimation
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